SynGAP is a postsynaptic density (PSD) protein that binds to PDZ domains of the scaffold protein PSD-3 95. We previously reported that heterozygous deletion of synGAP in mice is correlated with increased 4 steady-state levels of other key PSD proteins that bind PSD-95, although the level of PSD-95 remains 5 constant (Walkup et al., 2016). For example, the ratio to PSD-95 of Transmembrane AMPA-Receptor-6 associated Proteins (TARPs), which mediate binding of AMPA-type glutamate receptors to PSD-95, was 7 increased in young synGAP +/-mice. Here we show that a highly significant increase in TARP in the PSDs 8 of young synGAP +/-rodents is present only in females and not in males. The data reveal a sex difference in 9 the adaptation of the PSD scaffold to synGAP heterozygosity. 10 42 PSD fractions prepared from pooled forebrains of synGAP +/-(HET) and of wild type (WT) mice (5 WT 43 males and 1 WT female; 4 HET males and 2 HET females, ranging in age from 7.9 weeks to 12.4 weeks)
SynGAP is a Ras/Rap GTPase Activating Protein that is specifically expressed in neurons and is highly 11 concentrated in the postsynaptic density (PSD) of glutamatergic synapses in the brain (Chen et al., 1998;  12 Kim et al., 1998) . Mutations in the human gene synGAP1 that cause heterozygous deletion or dysfunction 13 of synGAP result in a severe form of intellectual disability (synGAP haploinsufficiency, also called 14 Mental Retardation type 5 [MRD5]) often accompanied by autism and/or seizures (Berryer et al., 2013;  15 Hamdan et al., 2011; Hamdan et al., 2009) . In mice, heterozygous deletion of synGAP causes similar 16 neurological deficits; homozygous deletion causes death a few days after birth (Komiyama et al., 2002;  17 Vazquez et al., 2004) .
18
One function of synGAP is to regulate the balance of active Ras and Rap at the postsynaptic membrane 19 (Walkup et al., 2015) , thereby controlling the balance of exocytosis and endocytosis of AMPA-type 20 glutamate receptors (Zhu et al., 2002) and contributing to regulation of the actin cytoskeleton (Tolias et 21 al., 2005) . In a recent paper in eLife (Walkup et al., 2016) , we postulated a second function which 22 involves regulation of anchoring of AMPA-type glutamate receptors (AMPARs) in the PSD. AMPARs 23 are tethered to the scaffold protein PSD-95 in the PSD by auxiliary subunits called TARPs 24 (Transmembrane AMPA Receptor-associated Proteins, Tomita et al., 2003) . TARPs contain a PDZ ligand 25 that binds to PDZ domains in PSD-95. An early event in induction of long-term potentiation (LTP) is 26 increased trapping of AMPARs that is mediated by enhanced binding of TARPs to PDZ domains (Tomita 27 et al., 2005) . SynGAP is also anchored in the PSD by binding of its α1 splice variant to the PDZ domains 28 of PSD-95 (Kim et al., 1998; McMahon et al., 2012; Walkup et al., 2016) . SynGAP is nearly as abundant 29 in the PSD fraction as PSD-95, which suggests that it occupies a large fraction of PDZ domains and can 30 compete with TARPs for binding to PSD-95 (Chen et al., 1998; Dosemeci et al., 2007) . During induction 31 of LTP, calcium/calmodulin-dependent protein kinase II (CaMKII) is activated and phosphorylates 32 synGAP, increasing the rate of inactivation of Rap relative to Ras, and, at the same time, causing a 33 decrease in the affinity of synGAP-α1 for the PDZ domains of PSD-95 (Walkup et al., 2015 , 2016 . We 34 postulated that the decreased affinity of synGAP for PSD-95 might contribute to induction of LTP by 35 allowing TARPs and their associated AMPARs to compete more effectively for binding to the PDZ 36 domains and thus increase their anchoring in the PSD. If this hypothesis is correct, one consequence could 37 be that induction of LTP would be disrupted in synGAP heterozygotes because the transient shift in 38 competition for PDZ binding by synGAP would be less potent as a result of the mutation. A second 39 possible consequence could be that the steady state level of TARPs bound to PSD-95 in PSDs would be 40 increased in synGAP heterozygotes because the steady state level of synGAP is reduced.
41
In our original study, we tested the second possibility by determining the ratio of TARPs to PSD-95 in 4 inverse correlation in HET females drives a significant inverse correlation in the pools of all HET animals 62 and of all female animals. The inverse correlation is not found in any subset of animals that contains only 63 males.
65

Results
66
Creation of rat synGAP KO by the CRISPR-Cas9 method. CRISPR/Cas9 technology was used to 67 establish a SynGAP1 KO rat line that harbors a frameshift mutation in exon8 of SynGAP1 (Fig. 1A) , 68 which prevents expression of the protein. SynGAP protein expression level is reduced by 50% in HET 69 knockout rats compared to wild-type (WT) and is absent in homozygous knockouts (Fig. 1B 
87
The ratio of synGAP/PSD-95 and TARP/PSD-95, 88 averaged over all of the rodents, are summarized in the 89 two bars labeled "All" (Fig 2A,B , left). As expected, 90 the synGAP/PSD-95 ratio ( Fig. 2A , left) is reduced by 22% in HET rodents compared to WT (the WT 91 level is indicated by a dotted line). However, the ratio of TARP to PSD-95 ( Fig. 2B , left) is not 92 significantly changed. The results were similar for averages of animals grouped by sex, species, and age 
150
Significance: * for p ≤ 0.05, ** for p ≤ 0.01, *** for p ≤ 0.001, and **** for p ≤ 0.0001.
151
A comparison of rank orders among individuals across the four cohorts (7.5 week old mice, 7.5 week 152 old rats, 12.5 week old mice, and 12.5 week old rats) required an additional normalization. The average 153 intensities of staining for proteins differed significantly between the cohorts, presumably because of 154 developmental changes in protein expression. We therefore normalized the ratios for all cohorts to 155 account for these average differences, as described under Methods. The normalization enabled us to look 156 for correlations between ratios among individuals across cohorts.
6
HET animals are indicated in orange to highlight that they have a lower average synGAP/PSD-95 ratio 162 than WT animals. In each plot, Spearman's r is given, along with the p-value indicating the probability 163 that Spearman's r differs from zero. P-values that indicate statistical significance are in red. For 164 reference, red lines through the points in each graph show the best linear fit determined by regression.
165
There is not a statistically significant inverse correlation (negative Spearman's r) between the two ratios 166 for the group of all animals (Fig. 3A ). 
195
We also compared data sets from mice and rats at 7.5 weeks and 12.5 weeks (Fig. 3S2 ). These data 196 sets were small (9 or 10 animals). Nevertheless, they show a statistically significant inverse correlation 197 between TARP/PSD-95 and synGAP/PSD-95 in HET female mice at both 7.5 and 12.5 weeks. In data 198 from HET rats at 7.5 weeks, the inverse correlation is very close to significance; at 12.5 weeks, it is less 199 significant, but still shows a trend. In the corresponding males, none of the data sets shows a statistically 200 significant inverse correlation. More data would be required to make a definitive conclusion, but the 201 results suggest that competition between synGAP and TARP for binding to PSD-95 in females is more 202 prominent at 7 weeks than at 12 weeks, and more prominent in mice than in rats.
203
Effect of synGAP haploinsufficiency on the relative levels of other PSD proteins. In our previous 204 paper, we examined the levels of neuroligins 1 and 2 (NLG-1, -2), and of the surface protein LRRTM2. In 205 this study, we re-examined the effect of reduction of synGAP on the levels of NLG-1 and 2 in the PSD 
252
253
and looked at the effect on levels of GluN2B, a subunit of the NMDA-type glutamate receptor that binds 254 most avidly to PDZ2 of PSD-95. We predicted that the level of GluN2B would be less affected than 
273
Spearman's correlation coefficient shows no significant correlation between levels of NLG-1 and 2 274 and levels of synGAP in PSDs. Our previous results showed no effect of synGAP haploinsufficiency on 275 the amount of NLG-1 in PSDs and only a small effect on the level of NLG-2. The pooled data in Fig. 4C 276 and Spearman's r in Fig. 6B reproduce those findings. However, the significance of Spearman's r 277 between levels of NLG-2 and synGAP in PSDs shows only a strong trend toward an inverse correlation 278 (Fig. 6A ). 
319
In our recent eLife paper, we postulated that synGAP-α1, which contains a PDZ ligand, competes 320 with TARPs for binding to PSD-95 and therefore helps to limit the number of AMPARs immobilized at 321 the synapse (Walkup et al., 2016) . This hypothesis has two possible corollaries. One is that transient 
357
Another is that an additional protein which can compete with TARP more strongly than synGAP for 358 binding to PSD-95 is present in male PSDs, but not in female PSDs. In this case, reduction of synGAP in 359 PSDs of males would be expected to have little effect on the concentration of TARPs. Interestingly, 360 despite any differences between males and females in mechanism, the mean steady-state ratio of TARPs 361 to PSD-95 in the two sexes is not significantly different among WTs or HETs.
362
Two recent studies have documented sex differences in regulation of synaptic plasticity. Wang et al.
363
(2018) found that 7 to 12 week old female rodents (the same age range used in our study) have higher 364 synaptic levels of membrane estrogen receptor alpha (mERalpha) and, in contrast to males, require 365 activation of mERalpha for activation of some of the signaling kinases that support long-term 366 potentiation. This difference results in a higher threshold in females for LTP and for some forms of 367 spatial learning. Jain et al. (2019), studying hippocampal slices from 7 to 10 week old rats, found that 368 estrogen-induced plasticity, which occurs in both males and females, requires synergistic activation of L-369 type Ca 2+ channels and internal Ca 2+ stores in females; whereas in males, either of the two sources is 370 sufficient. In addition, activity-dependent LTP requires activation of protein kinase A in females, but not 371 in males. They conclude that there are latent sex differences in mechanisms of synaptic potentiation in 372 which distinct molecular signaling pathways converge to common functional endpoints in males and 373 females. Neither of these studies provides an immediate explanation for our findings, but they support the 374 idea that there are a number of biochemical and structural differences between males and females in the 375 synaptic regulatory apparatus of 7 to 12 week old rodents.
11
Because the cytosolic tail of the GluN2B subunit binds to the first and second PDZ domains of PSD-377 95 (Kornau et al., 1995) , we tested whether the concentration of GluN2B in PSDs is altered by synGAP 378 haploinsufficiency. In contrast to TARPs, the concentration of GluN2B in PSDs shows a strong positive 379 correlation with the amount of synGAP (rank correlation coefficient ≈ 0.4), and is reduced in synGAP 380 HETs. The rank correlation among individual animals is significant in both WT and HET animals and 381 does not differ between males and females (Fig. 5) . This data shows that synGAP plays a role in 382 localizing GluN2B to the PSD, but that it is not the only protein involved.
383
We reproduced our original finding that the amount of synGAP in the PSD does not influence the 
387
The simplest explanation is that NLG's have a higher affinity for PDZ3 than synGAP such that synGAP 388 does not compete effectively with them for binding to PDZ3 in vivo. 
420
Tissue biopsies from pups were used for TaqMan genotyping using two primers (Forward:
421
CCAAGAAGCGATATTACTGCGAGTT and Reverse: GGAAGTGGTCCGTGCATAGA) and two 422 reporter probes (WT: CCTGGACGACATGC and KO: TGCCTGGATACATGC). Homozygous
12
SynGAP KO rats die perinatally, but heterozygous (HET) SynGAP KO rats appear healthy and are fertile.
424
To verify knockout of expression of synGAP, forebrain homogenates of P5 littermate rats (n KO=3, n 425 HET=5, n WT=2) were prepared in radioimmunoprecipitation assay buffer containing protease and 426 phosphatase inhibitors (cOmplete EDTA-free), immunoblotted with a primary antibody raised to 427 panSynGAP (1:4000; Abcam AB77235), and imaged on an Odyssey infrared imaging system (Li-COR 428 Bioscience) as previously described in (Till et al., 2012) . Total protein levels on the blot were visualised 429 with the Pierce Reversible Protein Stain Kit (Thermo Fisher Scientific, #24580) and quantified with 430 ImageJ gel analyzer software. Protein bands of interest were quantified with Image Studio Lite v5.0 (Li-431 COR Bioscience). The expression level of each protein of interest was first normalized to total protein, 432 followed by normalization of the data to the average wild-type levels, which were considered to be 100%.
433
Upon weaning each animal was given an ear punch ID associated with a unique ID number, sexed, 434 and genotyped. Tissue from the ear punch was used for genotyping both mice and rats, although some 435 mice were genotyped with tissue from the tail. Mice were genotyped by polymerase chain reaction as 436 described (Vazquez et al., 2004) and rats were genotyped via sequencing performed by Transnetyx, Inc.
437
Cordova, TN. The ID numbers linked the genotype and all other metadata for an animal to its PSD 438 samples.
439
Preparation of PSD Fractions. PSD fractions were prepared from individual WT and HET mice and 440 rats that were either 7.5 weeks or 12.5 weeks old, by a modification of a standard method (Cho et al., 441 1992; Cohen et al., 1977) . The ID numbers were used to label, and track tissue samples and extracts after 442 harvesting from the animal. Animals were killed by decapitation according to a protocol approved by the 443 Caltech Institutional Animal Care and Use Committee. The following steps were carried out at 4° C. 
495
To gather the data, cohorts of 7.5 week old mice, 7.5 week old rats, 12.5 week old mice, and 12.5
496
week old rats were processed separately. Because of the large number of animals within each cohort 497 (~40), gels were run and the samples were quantified over a few days and sometimes with different lots of 498 antibodies. To normalize intensity signals within each cohort between different days and different lots of 499 antibodies for Figs. 1 and 3, we first grouped the ratios for each target (e.g synGAP/PSD-95) according to 500 the genotype and sex of the animals. For each combination of genotype and sex (e.g. WT male), we 501 averaged the ratios determined for each target on each day, then calculated the overall average of these 502 daily averages. To obtain correction factors that compensated for systematic small variations in signals on 503 different days and for different lots of antibodies, we calculated the ratio of each daily average to the 504 overall average.
505
Each ratio for individual animals (ie. from a single lane) was then adjusted by multiplying by the 506 appropriate correction factor. Eighty percent of the correction factors fell between 0.5 and 1.75. One 507 percent were larger than 2.75 and four percent were less than 0. 14 To test rigorously for correlations among individual animals between the ratio of synGAP to PSD-95 517 and the ratio of the other target proteins to 4, and 5) , an additional normalization was 518 applied with the use of Excel. We corrected for differences in intensity of signals between the four 519 cohorts (i.e. 7.5 week old mice, 7.5 week old rats, 12.5 week old mice, and 12.5 week old rats) which had 520 been analyzed separately. (The previous normalization only corrected for technical variation within each 521 cohort.) Data for each cohort was divided into ratios from WT males, WT females, HET males, and HET 522 females. Averages of the ratios for each protein within each of these groups, were calculated. The 523 averaged ratios for each group were then further averaged across the cohorts. A normalization factor was 524 calculated for each protein in each cohort by dividing the average for the cohort by the overall average for 525 all the cohorts. Then the appropriate normalization factor was applied to individual data points in each 526 cohort. This sequence corrected for variation in the average intensities of signals between cohorts and 527 groups (for example, the overall lower expression of TARPS in 7.5 week old HET females [Fig. 1B] ) and 528 allowed us to look for correlations between ratios among the individuals across cohorts. To determine the 529 correlations between ratios shown in Figs. 2, 4 , and 5, we treated data as non-normal and calculated one- 
